Introduction
Beetroot leaves are known to be a good source of vitamin A, folate, and dietary fiber (1) . In recent years, consumers have become more interested in ready-to-eat (RTE) and minimally processed (MP) vegetables because of their convenience. However, outbreaks of foodborne diseases have been increasing since fresh vegetables can become contaminated by foodborne pathogens during processing and storage. Therefore, a suitable method is required for decontamination of fresh vegetables from foodborne pathogens to ensure microbial safety.
To control the microorganisms in RTE and MP vegetables, various types of sanitizers have been used (2, 3) . While chlorinated water is one of the most commonly used sanitizers for ensuring the safety of fresh produce, health-issues associated with trihalomethanes raise concerns about its use (4) . Therefore, an environmentally friendly alternative method is needed.
There have been many studies aiming to replace chemical sanitizers with natural antimicrobial agents, such as essential oils and organic acids (5) . Organic acids, such as fumaric acid (FA), have well-known strong antimicrobial properties (6) . Recently, new approaches have been developed using food by-product extracts as novel antimicrobial agents (7).
Castanea crenata (chestnut) shells are a by-product from chestnut processing, and comprise approximately 10% of the total chestnut weight (8) . Chestnut shells contain considerable amounts of phenolic compounds such as tannins (9) , and chestnut inner shell extract has antibacterial properties against several foodborne pathogens (10). Nonetheless, the effect of chestnut whole shell extract on the inactivation of foodborne pathogens and its use as a sanitizer have not yet been studied.
Therefore, the objective of this study was to examine the antibacterial properties of chestnut whole shell extract. In addition, the combined effects of chestnut shell extract (CSE), mild heat (MH), and FA treatments were examined on the inactivation of pathogenic bacteria inoculated on beetroot leaves with the goal of developing a suitable non-thermal treatment for improving microbial safety.
Materials and Methods
Sample preparation and storage condition Beetroot (Beta vulgaris L.) leaves were purchased from a local market (Daejeon, Korea). The fresh beetroot leaves were packed in a low-density polyethylene bag (30 cm × 35 cm) and then stored at 4 o C for 8 days after the treatment with CSE and FA or the combined treatment with CSE/FA/MH as described below.
Preparation of CSE Chestnut whole shells were obtained from a local farm (Buyeo, Korea). The chestnut shells were dried at 70 o C for 24 h. The dried chestnut shells were ground in a blender and were extracted using the method described by Hao et al. (11) . The ground samples (50 g) were suspended in 70% ethanol (1:20, w/v) and the mixture was then homogenized with a homogenizer at 12,000 rpm for 5 min, and extracted at 50 o C for 3 h. Ethanol was removed using a rotary vacuum-evaporator at 60 o C.
Bacterial strains and culture preparation Strains of Escherichia coli O157:H7 (NCTC 12079 and ATCC 43889) and Listeria monocytogenes (ATCC 19115 and KCTC 13064) were streaked onto Tryptic Soy agar (Difco, Sparks, MD, USA) and Brain Heart Infusion agar (Difco), respectively, and then incubated at 37 o C for 24 h. After incubation, a single colony from two strains of E. coli O157:H7 and L. monocytogenes were selected. The colony of each pathogen was added to 50 mL corning tubes containing 25 mL of selective medium broth and incubated at 37 o C for 24 h with shaking (150 rpm). Incubated cultures were centrifuged at 10,000× g for 15 min, after which the cell pellets were washed twice using 20 mL of peptone water.
Inoculation of pathogenic bacteria To completely inactivate the pre-existing microorganisms on beetroot leaves, the samples were exposed to UV-irradiation for 10 min on each side on a clean bench. The inoculation solutions of E. coli O157:H7 and L. monocytogenes were prepared by dilution in sterile peptone water to a final concentration of approximately 7-8 log CFU/mL. One millilitre of the solution was then spot-inoculated onto the surface of beetroot leaves. After inoculation, the beetroot leaves were air-dried on a clean bench.
Single treatment of CSE, MH, and FA Inoculated beetroot leaves were dipped in different concentrations of CSE (0.1, 0.25, 0.5, and 1.0%) or FA (0.1, 0.25, and 0.5%) solution for 3 min, and then airdried in a clean bench. In addition, for the optimization of MH treatment time, the samples were dipped in the distilled water at 50 o C for 1, 3, and 5 min.
Combined treatment For the combined treatment, the inoculated samples were first treated with 0.5% CSE, and then with 0.5% FA or with MH at 50 o C for 3 min. In addition, for the combined treatment of CSE, MH, and FA, the beetroot leaves were treated sequentially with the solution of 0.5% CSE with MH at 50 o C, and then with 0.5% FA.
Microbiological analysis After treatment, beetroot leaves (10 g) were put in a stomacher bag containing 90 mL of sterile peptone water (0.1%). Samples were homogenized for 3 min with a stomacher, and then serially diluted with peptone water. Pre-existing bacteria counts were identified by plating diluted samples onto Plate Count Agar (Difco) and incubating at 37 o C for 48 h. E. coli O157:H7 and L. monocytogenes counts were identified by plating diluted samples onto Sorbitol MacConkey agar (Difco) and Oxford Medium Base (Difco), respectively, and incubating each plate at 37 o C for 24 h. Microbial counts were conducted in triplicate and expressed as log CFU/g.
Statistical analysis
Analysis of variance and Duncan's multiple range tests were conducted to examine the data using SAS program version 9.4 (SAS Institute Inc., Cary, NC, USA). Statistical significance was considered at p<0.05 and all the results are represented as the mean±SD.
Results and Discussion
The initial populations of E. coli O157:H7 and L. monocytogenes inoculated on beetroot leaves were 6.31 and 6.74 log CFU/g, respectively. After treatment with 0.1, 0.25, 0.5, and 1.0% CSE, the populations of E. coli O157:H7 on beetroot leaves decreased to 4.33, 4.10, 3.68, and 3.64 log CFU/g, respectively, resulting in reductions of 1.98, 2.21, 2.63, and 2.67 log CFU/g, compared with those of untreated samples (Table 1 ). In a previous study, CSE was reported as having robust antibacterial activity due to the innate presence of tannins and quercetin in its composition (12) . In addition, changes in the populations of L. monocytogenes by CSE treatment showed a similar pattern as those seen for E. coli O157:H7. However, there was no significant difference between 0.5 and 1.0% CSE treatment. Based on these results, 0.5% CSE was chosen as the optimal concentration for the decontamination of foodborne pathogens on beetroot leaves when combined with MH or FA treatments.
Increasing concentrations of FA treatments also significantly decreased the populations of E. coli O157:H7 and L. monocytogenes on the beetroot leaves ( Table 1) . The greatest reduction level was Values are mean±SD (n=3). Any means in the same column followed by different letters (a-g) are significantly (p<0.05) different.
achieved with 0.5% FA treatment, resulting in E. coli O157:H7 and L. monocytogenes counts of 3.35 and 3.72 log CFU/g, respectively, comprising reductions of 2.96 and 3.02 log CFU/g, compared with the control. In similar studies, 0.5% FA treatments were more effective than any other single chemical or physical treatment at reducing microorganisms on clover sprouts and strawberries (13, 14) . This is consistent with our results, indicating that 0.5% FA is the most effective treatment for inactivating foodborne pathogens inoculated on beetroot leaves. The antimicrobial effects of organic acids are mainly due to decreases in pH and penetration of bacterial membranes by undissociated forms of the organic acids (15) . Based on our results, 0.5% FA was selected for the combined treatment with 0.5% CSE.
To determine the optimal MH treatment time, inoculated beetroot leaves were treated with MH (50 o C) for 1, 3, and 5 min ( Table 1 ). The microbial reduction levels for both E. coli O157:H7 and L. monocytogenes significantly improved when the treatment time was increased from 1 to 3 min. However, the inactivation effects for 3-and 5-min treatment times were not significantly different. Based on these results, the 3-min MH treatment time was chosen as the optimal time for the combined treatment.
Changes in pathogen populations on inoculated beetroot leaves treated with the three different treatment combinations (CSE/MH, CSE/FA, or CSE/MH/FA) were evaluated ( Table 2 ). The initial populations of E. coli O157:H7 and L. monocytogenes were 6.25 and 6.95 log CFU/g, respectively. Following CSE/MH treatment, E. coli O157:H7 and L. monocytogenes counts were 3.52 and 4.96 log CFU/ g, resulting in reductions of 2.73 and 1.99 log CFU/g, respectively.
The combined treatment of CSE and FA also reduced the populations of E. coli O157:H7 and L. monocytogenes by 3.03 and 3.07 log CFU/g, respectively, when compared with the control. Relative to the other treatment combinations, the combination of CSE/MH/FA was most effective in reducing E. coli O157:H7 and L. monocytogenes populations, resulting in reductions of 3.18 and 3.76 log CFU/g, respectively. The additional MH treatment could destabilize the stability of bacterial membranes and have CSE and FA to penetrate easily inside the bacteria, resulting in synergy effect regarding the inactivation of pathogenic bacteria (16) .
The effects of the combined treatments of CSE/FA and CSE/MH/FA on the inactivation of endogenous bacterial populations on beetroot leaves were evaluated during 8 days of storage at 4 o C (Table 3) . Prior to treatment, the pre-existing population of bacteria on the fresh beetroot leaves was 5.68 log CFU/g. Water washing treatment reduced this count to 4.40 log CFU/g, whereas combined treatment of CSE/FA decreased the count to 3.48 log CFU/g. Combined treatment of CSE/MH/FA had the greatest reduction of pre-existing bacteria on the beetroot leaves, resulting in a reduction of 2.58 log CFU/g, compared with that of the control. During storage, populations of pre-existing bacteria on the beetroot leaves in the control and water washing treatment groups significantly increased, whereas the reduced microbial levels were maintained in the combined treatment groups. After 8 d of storage, pre-existing bacterial populations in the control and water washing treatment groups reached 6.01 and 5.30 log CFU/ g, respectively. However, bacterial populations in the combined CSE/ FA and CSE/MH/FA treatment groups were 3.91 and 3.72 log CFU/g, respectively, which are comparable to the counts observed at an early stage of storage. Thus, the overall bacterial counts remained low. These results suggest that CSE can be used as a natural sanitizer for decontaminating foodborne pathogens, and that combined treatment of CSE, MH, and FA may be an effective bacterial inactivation method for vegetables, such as beetroot leaves. CSE, chestnut shell extract (0.5%); MH, mild heat at 50 o C for 3 min; FA, fumaric acid (0.5%)
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Values are mean±SD (n=3). Any means in the same row (A-C) or same column (a-d) followed by different letters are significantly (p<0.05) different. Values are mean±SD (n=3). Any means in the same column followed by different letters (a-d) are significantly (p<0.05) different.
